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Abstract 
Achievement of students in learning institutions is often used to measure the performance of students. Verification on a student's 
performance depends on the examination results of a number of courses or subjects taken during the course of his/her study in the 
institution. Some courses are deemed to be difficult if the student scored low marks or grades and vice versa. Basically, the 
overall examination results serve as the major role in determining student's performance and excellence. Further, the level of 
difficulty for each subject can also be determined from the examination results. This paper aims to determine the subject 
difficulty index (SDI) of the Semesters I and II courses for the 2009/2010 and 2010/2011 academic sessions in the School of 
Mathematical Sciences (PPSM), Faculty of Science and Technology (FST), UniversitiKebangsaan Malaysia (UKM). All courses 
for these sessions are arranged based on their level of difficulty, by taking into account the four main criteria, namely the 
meanCGPA of the course, the percentage of students obtained a minimum grade of B, the percentage of students failed (grade C-
to D) and the percentage of students failedcompletely (grade E). These four main criteria are combined together to form the SDI.
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
Mathematics is the "queen of science" and the language of nature. It is more than just the science of numbers 
taught by teachers in schools and is either enjoyed or feared by many students. It plays a significant role in the lives 
of individuals and the world of society as a whole and its importance is crystal clear. In contemporary education, 
mathematics education is the practice of teaching and learningmathematics, along with the associated scholarly 
research(Davis 1984). The goal of mathematics education is to promote among learners the effective problem 
solving approach. Since the early stages of schooling,mathematics is one of the core subjects that provide 
knowledge to students to develop an understanding of the concept of balance between the mastery of basic skills, the 
use of mathematics in life, the problem-solving abilities, the rational thinking and logic, and the importance of 
mathematics in the development of human civilization (Azmin&Roslinda 1999).  
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However, despite the importance and usefulness of mathematics, most students who had to deal with this 
particular subject have a negative impression on it. Many students consider mathematics as a difficult subject. 
Negative perception on mathematics makes it a subject that is feared by most. The wrong orientation on 
mathematics, especially the way it was presented makes it difficult to be understood and accepted as it should. 
Mathematics in general is one of the core subjects forprimary, secondary, and in the matriculation orequivalent, 
which provides the mathematical knowledge to the studentsto develop problem solving skills, logical and systematic 
thinking, communications and others. When the students enter the higher learning institutions after school or 
matriculation, some of the students still  have to dealwith this core subject, whether they like it or not. For those who 
are passionate towards this subject, it is a challenge they have been waiting for but for those who are trying to avoid 
this subject, it is anightmare that will haunt them! 
In higher learning institutions, examination is an assessment intended to measure a student'sknowledge, skill, 
aptitude, or classification in many other topics. Formative assessment in examinations and assignments is the 
highest value in the learning process of a student (Milne et al. 2008). Examination is an important part of a teaching-
learning process which allows teachers or lecturers to evaluate their students (Jandaghi 2010). To determine the 
difficulty level of an examination or a subject, the difficulty index is established. Sarina et al. (2006) studied and 
discussed the classification on the difficulty level of the exam questions using neural network approach, and they 
presented two methods in determining the difficulty level of each question. They have used the difficulty index to 
determine whether the question is difficult, moderate or easy. On the other hand, Juridahet al. (2011) investigated 
and discussed the difficulty index of examinations and their relation to the achievement of programme outcomes. It 
is found that all the exams questions are appropriate to measure the programme outcomes for both courses 
considered as it can be classified as moderate and too hard with regards to their difficulty levels. 
In UKM, the School of Mathematical Sciences (PPSM) is the centre that consists of three mathematical sciences 
related programmes, namely Mathematics, Statistics and Actuarial Science. PPSM offers all the mathematical 
sciences courses either to the PPSM’s students or to the students in the other schools in the faculty (FST). Over the 
years, mathematical sciences courses are well-known to be the difficult courses in the faculty.Therefore, the 
objective of this study is to determine the most difficult and the easiest courses and those in between in PPSM. This 
study also aims to review the performance of students in Year I, II and IIII in PPSM. From the examination results 
for each semester in an academic session, the difficulty level of certain courses can be determined. This study is 
conducted to obtain the subject difficulty index (SDI) for all the courses in semesters I and II for the 2009/2010 and 
2010/2011 sessions. These two sessions are chosen since they are the most recent ones. It should be mentioned that 
the present authors have conducted quite similar studies twice in the year 1999 (Azmin&Roslinda 1999) and in 2005 
(Azmin&Roslinda 2005) on the difficulty level of all the courses offered in PPSM for the 1997/1998 and 1998/1999 
sessions as well as for the 2003/2004 and 2004/2005 sessions, respectively.  
2. Methodology 
Generally, the overall examination results is the main attribute in measuring the performance of students taking 
the Year I, II and III courses in PPSM.The data are collected from the final result for each course offered in each 
semester.  All these courses for the 2009/2010 and 2010/2011 academic sessions are arranged based on the level of 
difficulty by taking into account the four main criteria, namely the mean CGPA of the course to show the overall 
performance, the percentage of students obtained a minimum grade of B, the percentage of students failed (grade C- 
to D) and the percentage of students failed completely (grade E) (who must repeat the course). In this study, the 
combination of these four main criteria will form the subject difficulty index (SDI). 
There are three programmes in PPSM, namely Mathematics (QM), Statistics (QS) and Actuarial Science (QA), 
which fall under the category Mathematical Sciences. The list of all the courses (Year I, II and III) offered in PPSM 
for both semesters in each session is as given in Table 1.Firstly, the Year I courses offered in PPSM are grouped 
together. There are 13 courses altogether and all the four main criteria will be considered. The overall mean CGPA 
(in the table is referred to under “mean”) for each course is the main criterium first considered. Let’s assume  
(i,j){( 1,2,3, ... ,I), (1,2,3, ... ,J)},  mj is the mean CGPA for a course with Gi,j is the grediobtained by students for 
coursej. If w is the number of students obtained gredi for course j, wj, then mean CGPA for coursejis,
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with n is the total number of students taking the course.The lowest mean (in the table is referred to as “rank” – 3rd
column)  is the course which is numbered “1”, that is the course labelled as the most difficult for this criterium, and 
the course with the highest mean CGPA is numbered “13” (the easiest course).  
Next, the second main criterium is the percentage of students obtained a minimum grade of B in a certain course 
(in the table is referred to as “%b”), with  
, .100i j
j
B
n
¦
.
Similar to the mean CGPA criterium, the lowest percentage is numbered “1”, which is the most difficult course for 
this criterium, and the course with the highest percentage is numbered “13” (the easiest course). However, for the 
other two main criteria namely the percentage of students failed (grade C- to D) (in the table is referred to as “%c”)
, .100i j
j
D
n
¦
and the percentage of students failed completely (grade E)(in the table is referred to as “%e”)
, .100i j
j
E
n
¦
are arranged vice versa, namely the highest percentage is numbered “1” (the most difficult course) and the lowest 
percentage is numbered “13” (the easiest course). 
Further, when we found the ordered rank for all the four criteria, the average of all the ranks are obtained (in the 
table is referred to as “mRank”) and “Trank” is the total rank. From this average rank, the lowest average is 
numbered “1” (the most difficult course) and the highest average is numbered “13” (the easiest course). Therefore, 
the overall rank for the courses of Year I, 2009/2010 is obtained. 
Table 1. List of courses in PPSM based on study year 
Year I Courses in PPSM 
1 STQM1114 Calculus I 
2 STQM1124 Calculus II 
3 STQM1223 Linear Algebra 
4 STQM1713* Mathematics in Biology and Information Technology 
5 STQM1823* Elementary Mathematics for Biologists and Life Sciences Students 
6 STQM1913* Mathematical Techniques I 
7 STQM1923* Mathematical Techniques II 
8 STQP1014 Computer Programming 
9 STQP1513** Basic Economics I 
10 STQP1523** Basic Economics II 
11 STQS1114 Statistics I 
12 STQS1124 Statistics II 
13 STQS1913 Applied Statistics 
Year II Courses in PPSM 
14 STQA2133 Financial Mathematics 
15 STQA2143 Actuarial Mathematics 
16 STQA2543 Investment Analysis and Portfolio Management I 
17 STQM2133 Calculus of Complex Variables 
18 STQM2343 Differential and Difference Equations 
19 STQM2543 Classical and Quantum Mechanics 
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20 STQP2034 Numerical Methods 
21 STQP2043 Operational Research 
22 STQP2513*** Introduction to Business Management 
23 STQP2523 Introduction to Insurance and Takaful 
24 STQP2533**** Basic Accounting and Finance 
25 STQS2133 Statistical Inference 
26 STQS2234 Statistical Modelling 
27 STQS2243 Surveying and Sampling 
28 STQS2443 Industrial Statistics 
Year III Courses in PPSM 
29 STQA3153 Actuarial Mathematics II 
30 STQA3163 Risk Theory 
31 STQA3253 Survival Model 
32 STQA3263 Actuarial Planning and Regulation  
33 STQA3553 Investment Analysis and Portfolio Management II 
34 STQA3993 Project  
35 STQM3153 Real Analysis 
36 STQM3253 Algebraic Structures 
37 STQM3453 Strategy and Control 
38 STQM3563 Several Selected Issues in Mathematics 
39 STQM3993 Project  
40 STQP3063 History and Philosophy of Mathematical Sciences 
41 STQS3163 Stochastic Processes 
42 STQS3253 Multivariate Method 
43 STQS3353 Experimental Design and Analysis 
44 STQS3453 Medical and Social Statistics 
45 STQS3993 Case Study 
 *       Service courses offered to students from other schools in FST 
 **     Actuarial Science students take in 1st year while Mathematics and Statistics students in 2nd year 
 ***   Free choice (PB) course for the Mathematics and Statistics students only 
 ****Actuarial Science students take in 2nd year while Mathematics and Statistics students in 3rd year 
3. Analysis and Results 
The analysis begins by looking at the outcome of the study based on the year of study, namely Year I, II and III 
for each academic session 2009/2010 and 2010/2011. The results of analysis for Year I are given in Table 2a below. 
The full analysis in determining the SDI based on the year of study is as follows: Refer to Table 2a below for Year I, 
2009/2010 as an example for the full analysis or computation of SDI.  
From Table 2a, it is observed that STQM1713 (Mathematics in Biology and Information Technology) is the most 
difficult Year I course for the 2009/2010 academic session, followed by STQP1513 (Basic Economics I) and 
STQM1114 (Calculus I). It should be pointed out that STQM1713 is a service course which was not considered 
before by Azmin and Roslinda (1999, 2005).  
Based on the same analysis, Table 2b presents the rank for Year I courses but for 2010/2011 academic session. 
Several changes in the total rank can be observed, and the top three most difficult courses are not the same for these 
two sessions.  
The same analysis is established for the Year II and III courses for the two academic sessions considered. The 
rank for Year II courses are illustrated in Tables 3a and 3b, while the Year III courses are presented in Tables 4a and 
4b. It is observed from Table 3a thatSTQM2343 (Differential and Difference Equations) is the most difficult Year II 
course for the 2009/2010 session, followed by STQA2543 (Investment Analysis and Portfolio Management I) and 
STQM2133 (Calculus of Complex Variables). However, from Table 3b it is found that for the 2010/2011 session, 
the most difficult Year II course is STQP2043 (Operational Research) while STQM2343 and STQM2133 are still in 
the top three most difficult courses as in the 2009/2010 session. 
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Table 2a. Difficulty index based on year of study (Year I, 2009/2010) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QM1713 2.43 7 25.00 3 39.39 1 5.05 3 3.50 1
QP1513 2.36 6 31.47 4 39.13 2 2.72 6 4.50 2
QM1114 2.66 9 50.82 8 25.64 4 17.95 1 5.50 3
QM1913 2.03 4 18.10 2 6.10 9 1.41 8 5.75 4 
QS1913 1.34 1 36.94 5 0.00 12 1.80 7 6.25 5 
QM1124 2.53 8 49.76 7 17.22 6 3.83 5 6.50 6 
QP1014 2.87 11 59.62 9 25.81 3 4.84 4 6.75 7 
QM1223 2.01 2 59.62 9 10.10 8 1.28 9 7.00 8 
QM1823 2.95 12 14.56 1 4.23 10 0.97 10 8.25 9 
QS1114 3.04 13 45.59 6 0.00 12 7.84 2 8.25 9 
QM1923 2.18 5 62.63 13 20.97 5 0.67 11 8.50 11 
QP1523 2.02 3 61.19 12 14.13 7 0.00 12 8.50 11 
QS1124 2.80 10 60.19 11 2.70 11 0.00 12 11.00 13 
As for the Year III courses, it is noted from Table 4a for the 2009/2010 session that STQA3253 (Survival Model) 
is the most difficult subject followed by the Case Study (STQS3993) and the Actuarial Science Project 
(STQA3993), while for the 2010/2011 session as shown in Table 4b, the most difficult course is STQA3163 (Risk 
Theory), followed by STQA3993 (Actuarial Science Project) and STQM3563 (Several Selected Issues in 
Mathematics). 
Table 2b. Difficulty index based on year of study (Year I, 2010/2011) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QS1124 2.08 1 27.09 4 29.56 3 8.37 1 2.25 1
QS1913 2.18 3 23.12 3 33.33 2 3.76 2 2.50 2
QM1913 2.11 2 14.83 1 38.76 1 0.72 8 3.00 3
QM1823 2.24 4 15.22 2 23.91 5 1.09 7 4.50 4 
QS1114 2.43 5 36.81 6 24.73 4 2.20 5 5.00 5 
QM1923 2.49 6 36.30 5 17.81 7 1.71 6 6.00 6 
QM1114 2.51 7 47.37 9 21.05 6 2.34 4 6.50 7 
QM1713 2.76 10 48.48 10 0.00 12 3.03 3 8.75 8 
QM1223 2.65 8 45.41 8 12.97 9 0.00 10 8.75 8 
QM1124 2.77 11 37.50 7 0.00 12 0.00 10 10.00 10 
QM1124 2.71 9 53.33 12 10.00 10 0.56 9 10.00 10 
QP1014 2.86 12 58.60 13 16.56 8 0.00 10 10.75 12 
QM1223 3.00 14 50.00 11 0.00 12 0.00 10 11.75 13 
QP1523 2.99 13 65.07 15 0.00 12 0.00 10 12.50 14 
QP1513 3.04 16 64.12 14 1.76 11 0.00 10 12.75 15 
QP1014 3.04 15 66.67 16 0.00 12 0.00 10 13.25 16 
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Table 3a. Difficulty index based on year of study (Year II, 2009/2010) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QM2343 1.57 2 12.31 3 44.62 2 1.76 6 3.25 1
QA2543 1.36 1 6.29 2 45.36 1 0.00 10 3.50 2
QM2133 2.01 7 19.19 7 39.39 5 5.05 2 5.25 3
QS2133 1.86 4 13.46 4 44.23 3 0.00 10 5.25 3
QM2543 1.80 3 14.29 5 42.86 4 0.00 10 5.50 5 
QA2133 1.86 5 20.51 8 25.64 10 17.95 1 6.00 6 
QP2523 2.02 8 15.22 6 39.13 6 2.72 5 6.25 7 
QS2234 2.10 9 4.10 1 27.87 8 0.51 9 6.75 8 
QP2513 1.90 6 22.64 9 28.30 7 0.68 8 7.50 9 
QP2043 2.18 10 23.66 10 25.81 9 4.84 3 8.00 10 
QS2443 2.84 11 53.17 11 7.94 12 0.00 10 11.00 11 
QP2034 2.95 12 76.06 13 6.10 13 1.41 7 11.25 12 
QS2243 3.04 14 53.85 12 0.00 15 2.78 4 11.25 12 
QA2143 3.13 15 78.38 14 8.11 11 0.00 10 12.50 14 
QP2533 3.04 13 83.78 15 2.70 14 0.00 10 13.00 15 
Table 3b. Difficulty index based on year of study (Year II, 2010/2011) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QP2043 2.13 2 20.88 3 23.08 4 4.95 1 2.50 1
QM2343 2.29 4 15.89 1 25.53 3 1.87 5 3.25 2
QM2133 2.20 3 27.40 4 38.36 1 0.00 8 4.00 3
QM2543 2.61 7 18.42 2 16.67 6 3.95 2 4.25 4 
QS2243 2.41 6 40.00 5 17.91 5 0.00 8 6.00 5 
QA2543 2.04 1 77.78 14 33.33 2 0.00 8 6.25 6 
QS2234 2.73 9 51.75 8 7.14 9 3.50 3 7.25 7 
QP2523 2.72 8 41.21 6 3.03 13 0.61 7 8.50 8 
QP2513 2.37 5 94.68 15 13.54 7 0.00 8 8.75 9 
QS2133 2.88 12 46.81 7 9.47 8 0.00 8 8.75 9 
QP2034 2.84 11 54.67 9 4.67 10 0.67 6 9.00 11 
QA2133 2.93 13 62.07 10 3.45 11 0.00 8 10.50 12 
QS2443 2.80 10 65.31 13 3.13 12 0.00 8 10.75 13 
QA2143 3.10 15 65.22 12 0.00 14 2.17 4 11.25 14 
QP2533 3.03 14 64.81 11 0.00 14 0.00 8 11.75 15 
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Table 4a. Difficulty index based on year of study (Year III, 2009/2010) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QA3253 0.50 3 0.00 1 50.00 2 50.00 3 2.25 1
QS3993 0.00 1 0.00 1 0.00 9 100.00 1 3.00 2
QA3993 0.00 1 0.00 1 0.00 9 100.00 1 3.00 2
QA3153 1.34 4 0.00 1 100.00 1 0.00 8 3.50 4 
QS3353 1.62 6 0.00 1 28.57 6 14.29 7 5.00 5 
QM3453 2.00 7 14.29 6 42.86 3 0.00 8 6.00 6 
QA3143 1.50 5 50.00 11 0.00 9 50.00 3 7.00 7 
QM3153 2.13 8 15.00 7 30.00 5 0.00 8 7.00 7 
QS3453 2.33 10 20.00 8 20.00 8 0.00 8 8.50 9 
QM3253 2.37 11 31.58 9 26.32 7 0.00 8 8.75 10 
QM3993 2.26 9 54.55 13 0.00 9 27.27 5 9.00 11 
QS3163 2.37 12 55.56 14 33.33 4 0.00 8 9.50 12 
QM3563 2.76 14 43.75 10 0.00 9 0.00 8 10.25 13 
QS3253 2.84 15 50.00 11 0.00 9 0.00 8 10.75 14 
QS3993 2.65 13 80.00 15 0.00 9 20.00 6 10.75 14 
QP3063 3.38 16 98.67 16 0.00 9 0.00 8 12.25 16 
Table 4b.Difficulty index based on year of study (Year III, 2010/2011) 
Courses mean rank %b rank %c rank %e rank mRank Trank 
QA3163 2.53 2 45.71 5 20.00 1 5.71 4 3.00 1
QA3993 0.00 1 0.00 1 0.00 12 100.00 1 3.75 2
QM3563 2.55 3 43.59 4 12.33 4 1.37 6 4.25 3
QS3253 2.61 5 29.58 2 2.82 8 0.00 10 6.25 4 
QA3263 2.61 4 53.66 7 2.86 7 0.00 10 7.00 5 
QS3453 2.81 6 49.30 6 2.82 8 0.00 10 7.50 6 
QM3453 2.93 9 60.00 8 2.67 11 1.33 8 9.00 7 
QS3163 2.87 8 69.23 13 8.45 5 0.00 10 9.00 7 
QM3253 2.86 7 60.82 10 0.00 12 0.00 10 9.75 9 
QM3993 2.94 11 87.50 16 0.00 12 12.50 2 10.25 10 
QA3553 2.98 12 60.00 8 0.00 12 0.00 10 10.50 11 
QA3153 3.12 15 66.67 12 5.56 6 0.00 10 10.75 12 
QA3253 3.20 18 77.78 15 13.89 3 0.00 10 11.50 13 
QM3153 2.94 10 71.43 14 0.00 12 0.00 10 11.50 13 
QP3063 3.67 20 100.00 19 16.41 2 0.78 9 12.50 15 
QS3353 3.44 19 90.41 18 2.74 10 1.37 6 13.25 16 
QS3993 3.15 16 100.00 19 0.00 12 0.00 10 14.25 17 
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Table 5.Overall Index (2009/2010 and 2010/2011academic sessions) 
2009/2010  2010/2011 
Courses Trank Courses Trank 
QA3253 1 QS1124 1 
QS3353 2 QS1913 2 
QA3153 3 QP2043 3 
QA3993 4 QM1913 4 
QS3993 4 QM2343 5 
QM2343 6 QA3993 6 
QA2543 7 QM1823 6 
QM2133 8 QS1114 8 
QS2133 9 QM2543 9 
QM2543 10 QM2133 9 
On the other hand, based on each programme in PPSM, it is also found from the analysis that for the 2009/2010 
academic session, the most difficult subject for the Mathematics Programme is STQM2343 (Differential and 
Difference Equations), for the Statistics Programme is STQS3353 (Experimental Design and Analysis), for the 
Actuarial Science Programme is STQA3253 (Survival Model) and for the PPSM (STQP) courses is STQP2523 
(Introduction to Insurance and Takaful).  For the 2010/2011 academic session, the most difficult subject for the 
Mathematics Programme is STQM1913 (Mathematical Techniques I), for the Statistics Programme is STQS1124 
(Statistics II), for the Actuarial Science Programme is STQA3163 (Risk Theory) and for the PPSM (STQP) courses 
is STQP2043 (Operational Research). This shows that the most difficult courses for each programme are different 
for these two academic sessions. It should be pointed out that here are other factors involved such as the different 
lecturers (human factors), the varieties in lecture notes, the difficulty level of the examination questions and the IQ 
level of the students themselves, that lead to such differences between those two academic sessions. However, since 
these factors are beyond our control and cannot be avoided, thus several assumptions have to be made when we take 
the overall examination results.  
The overall results are as given in Table 5 above for the top 10 most difficult courses in PPSM. There are 
altogether 44 courses, but we have shortlisted just the top 10 courses. Based on the table, the most difficult course in 
PPSM for all the Year I, II and III in the 2009/2010 academic session is STQA3253 (Survival Model), followed by 
STQS3353 (Experimental Design and Analysis) and STQA3153 (Actuarial Mathematics II). On the other hand, the 
most difficult course in PPSM for the 2010/2011 academic session is STQS1124 (Statistics II), followed by 
STQS1913 (Applied Statistics) and STQP2043 (Operational Research). 
4. Conclusions 
This paper discusses the findings of the subject difficulty index (SDI) for the 2009/2010 and 2010/2011 academic 
sessions in PPSM, FST, UKM. This is a subsequent study of similar previous studies that were conducted 12 years 
ago in 1999 and 6 years ago in 2005 by the same authors. All courses for these sessions are arranged based on their 
level of difficulty, by taking into account the four main criteria, namely the mean CGPA of the course, the 
percentage of students obtained a minimum grade of B, the percentage of students failed (grade C- to D) and the 
percentage of students failed completely (grade E) of a particular course. These four main criteria are combined 
together to form the subject difficulty index (SDI).The findings conclude that for the Year I, Mathematics and 
Statistics courses are the most difficult courses, for the Year II, Mathematics courses are the difficult courses while 
for the Year III, most Actuarial Science courses are the difficult ones. As a whole, Statistics and Actuarial Science 
courses are the most difficult courses, which is somewhat different from the findings of the other two previous 
studies. 
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